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114. Abstract/Notes

The objective of this paper is to evaluate the utilization of
remotely semsed orbital data for forestry imventory. The study area .
(approximately 491,100 ha) encompasses the mmicipalities of Ribeirao Preto,
Altinopolis, Cravinhos, Serra Azul, Luis Aatomio, Sao Simdo, Santa Rita do
Pagssa Quatro and Santa Rosa do Viterbo (Sao Paulo State). Materials used
were: LANDSAT data of channels 5 and 7, scale 1:250,000 and CCTe. Visual
interpretaticn of the imagery showed that for 1977 a total of 3r,766.00 ha
and for 1979 38,003.75 ha were reforested with Pinus and Eucalyptus within
the area under study. The results obtained show that LANDSAT data can be
used efficiently in forestry inventory studies.
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y ABSTRACT

The objective of this pasper is to evaluate the utilization of remotely

seased orbital data for forestry imveamtory. The study area (approximately

491,100 ha) cmcompasses the unicipalities of Ribcirao Preto, Altimdpolis. R .
- Cravinhos, Serra Atul. Luis Astonio. Sic Simso, Santa Rita do Passa Quatro and

Saata Rosa do Viterbo (Sio Paulo State). Materials uscd were: LANDSAT data of

channels S and 7, scale 1:250,000 and CCTs. Visual interpretatioa of the imagery
showed that for 1977 a total of -37,766.00 knand for 1979 , 38,003,775 ha were ’
reforested vith Fimus and Eucalyptus within the area uander study. The results
obtained show that LAXDSAT data canm be used gfficieantly ia forestry
inveatory studies. .

1. INTRODUCTION

b T .y
.

Reforcestation prior to 1966 was considered a non-profit economical
sctivity, when ine hrazilian government. through an appropriate legislation gave
tax imcentivrs opportunities to individuals uslor iastitutions to make .
investiments in reforestations. Therecforc. the rcforestation had a strong
. impetus aiter 1966, the area reforested within Brazil increasing from 500.000.00 ha <
up to 3,800,00000 ha at 1979, -

The accclerated rate of reforestation determined the need for more advanced
techniques for monitoring of the implanted reforcsted resources. The first.
studies on rcforestation arcas using LANDSAT data. were performed by Hernande:
Filho and Shimabukuro (1978) and Hernande:z Filho et alii (1978) at the
Northeast portion of Sao Paulo State.

The objective of this study is to show the feasibility of periodic
monitoring of thec implanted rcforested resources through visual and computer-
-aided intcrpretation of LANDSAT data.

* 2. STUDY AREA

e T .
.
.

The study area is located in the Northcastern part of Sido Paulo State,
Brazil, including the municipalities of Ribeirdo Preto, Altindpolis, Cravinhos,
Serra Azul, Luis Antonio, Sdo Simdo, Santa Rita do Passa Quatro and Santa Rosa
] do Viterbo. Occugrin an area of 4,911 km?, this area located between 21°00'S
% to 22%20'S and 47%00°W to 48°00'W (Fi*un 1). This study area was selected
| .because it represents various categnries of reforestation population
density, age groups and cutting rate of Bucalyptus and Pinus plantations.

'
[ * Presented at the Sixteenth International Symposium on Remote Sensing
. of Environaent, Buenos Aires, Argentina, June 2-9, 1982,
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3 MATMERIAL AYD NETHOOS
é 3.1 LANBSAT PRODUCTS

LAXDSAT CCT and black and hite photographic imagery. path & and rew S
- frem 07/01/1977 and 07/27/127% core wsed inm this study.

3.2 VISUAL AMALYSIS R

For vismal aalys's of LANDSAT imagery, the chaamels S sad 7, black and
white, at the scale 1: SO 000 ia the two acquisitioa dates were used.

.
.
'

The basic photointerpretation techniques such as multitesporal imforsatioa .
in tomality and texture partera together field informatiom were used to defime
the prelimimary reforestation classes.

: The preliminary maps of reforestation witics obtaimed were compared
. reforestation plans from the arca. to check the mipping of the reforestatioa.

Sibsequently, a final map with the discriminations of the reforestation
classes iacluding rough 2 legend and an _imterpretation key, were obtaimed.

The mapped umities vereé quantified with a milimeter gnd and the
nsults were presented in hectares, per mxcxpalxty. in the study area.

3.3 COMPUTER-AIDED ANALYSIS

Computer-aided analysis using Image-100 System was carried out in the
study -area. CCTs rclative to the acquisition date 07/01/77 were used. The
co-puter-udcd analysis comprchends three steps: dat.a preparation,signature
scquisition and study area classxhcauon.

o R o P
.
.
L]

Initially, in the data preparation step, the study arca was located on the
- CCT data. Subsequently. the part of the image that encompasses the study area
. - was enlarged to the scale;1:250,.000. The study arca was divided in four modules.

R WSO S

- The signature acquisition was obtained in two training arcas at the scale
1:100,000. The choicc of sample arcas was carriced out based on previous :
existing reforestation map and visual analysis of the LANDSAT imagery.

NS SRS oy

r ) ' The classification of the study area was carried out using the program
t ' © “MAXVER” (Vclasco et al ., 1978), and the postprocessing "THEME UNIFORMIZATION",
f ) - The area was quantified by the program "THEME AREAS™.

4. RESULTS AND DISCUSSION

) " An interpretation key and a legend based on the spectral charactenstxcs
‘ - of the reforested areas were defincd in the visual analysis.

-2 . s) L gen

N ’ When the reforestauon covered co-pletely the soil, the variations due to
: reforestation spacing,age, specics and cutting rate, didn't influencec the
L, - dnucteriuuon of the classes. The following classes were defined:

. oo

PA - homogeneous Pimus plantation
: PB - less homogeneous Pinus plantation
l PC - heterogeneous Pinus plantation
EA - homogeneous Eucalyptus plantation
! EB - less homogenecous Eucalyptus plantation
EC - heterogencous Lucalyptus plantation

2.
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b) Interpretation ey .

The interpretation key presemted im Table I, was hased oa the tmlity sad
photography texture patterus. The tomality was classified in the fouui-g
classes: CE - dark gray: CE, - dark gray. with other y tomes - light
;r:z vith other gray tomes; (M - intermediate gray. & intu-u te gray.

other gray tomes aad CC - light gray.

The texture uwas classified in the following classes: L - smooth texture.
presented the same gray tome: N ~ intermediate texture. preseated small
variation between gray toaes: aad G - rough texture, presemted high variatioa
between gray tomes.

The Table 1II preseats the coaparisoa of the results of the
reforested areas with Eucalyptus between 1977 and 1979. The imcrease of
reforested areas with Eucalyptus occumed only in the mmicipalities of Samta
Rita do Passa’Quatro and Luis Aatomnio while there was a decrease of reforested
area in the mumicipalitiesSio Simio, Sem Azul and Altindpolis.

The Table III preseats the comparison of the results of the
reforested areas with Pinus between 1977 and 1979. There was mot chamge of
the reforested areas im the municipalities of Sio Simido, Cravinhos and

- Altilopohs and in the other mmicipalities there is. no reforestation withPims.

In the computer-aided amalysis the oanly genus Eucalyptus was classified;
the genus Pinus covered too small areas, hemce being. imsufficient for select‘ion
of training snples.

For acquisition of spectral sxmtures of the reforested classes two
trainn; areas were chosen: .

The Tables IV and V present the mean of spectral responses of the class
Eucalyptus, in the four channels and the covariance matrices of this class,
respectively, of the first training area.

In the second training area, two subclasses of &nliptﬁs were defined:
Euulyptus 1 and Eucalyptus 2 based on the spectral response of the channels 6
and 7 of LANDSAT.

" The Table VI presents the mean of the spectral responses of the subclasses
Eucalyptus 1 and Eucalyptus 2, in the four channels: and the Table VII and VIII

present the covariance matrices of the subclasses Eucalyptus 1 and Eucalyptus 2,
tespectively of the second training area.

Based on the spectral parameters obtained in the training areas s
classification of the study area was carried out. It was found out that an area
of 37,364.50 ha was occupied by the class Eucalyptus.

' S. CONCLUSIONS
5.1 VISUAL ANALYSIS

The visual snalysis showed ‘that it was possible to map the areas of Pinus

and Eucalyptus reforestation and to monitor these areas ian each municipality.

$.2 COMPUTER-AIDED ANALYSIS
The colputer-aid.ed analysis showed that it was possibh to classify the

. areas of Eucalyptus reforestation.
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Table 1. Imterpretation Key

cLASS TOXALITY TEXTURE :

} CHANNEL S|CHANNEL 7}CHANYEL S |CHANNEL 7 .
) PA CE CM/CE L L
_ ”» CEn | COMa/CEn ¥ N
F ' . PC ccy | cc/em [ [
\ EA CE cC/CM L L
- EB CEn Oy N N
EC CCa 0w G G

fo—

) Table.II. Reforested areas with Eucalyptus (period 1977 - 1979), in
- . . the study area.

rm b e

ed 10

[ N

' REFORESTATION | REFORESTATION AREA| DIFFERENCE OF THE

#wxcmx.m AREA  WITH WITH EUCALYPTUS IN| REFORESTATION  OF
EUCALYPTUS IN | 1975 (Ha) EUCALYPTUS; BETWEEN
1977 (Ha) 1977 AND 1979 (Ha)

STA. RITADO|  8,600,00 9,012, 50 (+) 412,50

PASSA QUATRO

sk0 SIND 9,092. 25 9,086.00 () 6,25

WIZ ATOND|  2,957.50 3,556.25 . (+) 618,75

SERRA AZUL 3.150,00 2,575,00 (-} 575,00

CRAVINOS 543,78 543,75 -

ALTINOPOLIS 7,256,25 7,043.75 (=) 212,50

RIBEIRAO 4,387,50 4,387,50 ‘.

PRETO

STA. ROSADO,  1,387.50 1,387.50 -

VITERBO

TOTAL 57,354,7S 37,592.25 (+) 237,50

#r o~
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Table III. Reforested areas withPinus (period 1977-1979), in
the study area.

" CLASS 4 5 6 7
| EUCALIPT 1 8.54 | 9.24 [48.66 148,97
EUCALIPT 2 8.83 [10.02 [34.75 |31.78

REFORESTATION REFORESTATION AREA DIFFERENCE OF THE

MNICIPALITY | AREA NITH KITH PINUS IN 1979 REFORESTATION XITH
PINUS IN 1977 (Ha) PINUS BETWEEN 1977
(Ha) : AND 1979 (Ha)

STA. RITADO

PASSA QUATRO - - -

S0 SO 210,00 210.00 -

LUIZ ANTONIO - - -

SERRA ATIL - - -

CRAVIAHOS 56,25 .56.25 -

ALTINOPGLIS 145,00 145.00

RIBEIRNO - - -

PRETO

STA. ROSADO - - -

VITERBO .

TOTAL 411,25 411.25 ° -

Table IV. Mean of the responses of the class Eucalyptus in

CLASS 4 S 6 -7

EUCALYPTUS 111.34 {12.08 [ss5,23 |s3.08
Table V. Covariance matrix of the class Eucalyptus of the
first training area.

CHANNEL 4 S 6 7
4 2,73 1.52 1,79 2,57
. 5 1,52 5,32 }|-0.16 ] -0,82
6 1,79 | -0.16 [34.62 31.90
7 2,57 |-0,82 | 31,90 | 42.85

Table VI. Mean of the Sbectrai ‘responses of the subclasses Eucalyptus 1

the four channelsof thefirst training area.

CHA

and Eucalyptus 2 in the 4 channels of the second training area.

S.
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Table VII. Covariance matrix of the subclass BEucalyptus 1 of the second

training area. s
v
CHANNEL 4 S 6 7
4 | 2.51]0,54 |-0.46] 0.15
S 0.5412.23 ] 0.30} 0.33
6 " ~0.46 | 0,30 | 21,40 [19.40
7 0,151-0.33 119.40]27,23
Table VIII. Covariance matrix of the subclass Eucalyptus 2 of the second
~ training area. :
~ ] CHANNEL 4 S 6 7
4 3,03 1,10 {-0,30}-0,31
S 1.10 |4.22 | 0.86] 0.05
6 -0.30 {0.86 119.98 [19.81
7 -0.31 10.0S §19.81 |27.36
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Figure 1. Study area localization. :
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